Abstract. The influence of the recent deep and prolonged solar minimum on the daytime zonal and vertical plasma drift velocities during quiet time is investigated in this work. Analyzing the data obtained from incoherent scatter radar from Jicamarca (11.95 • S, 76.87 • W) we observe an anomalous behavior of the zonal plasma drift during June 2008 characterized by lower than usual daytime westward drift and its early afternoon reversal to eastward. As a case study the zonal drift observed on 24 June 2008 is modeled using a realistic low-latitude ionosphere simulated by the Sheffield University Plasmasphere-Ionosphere Model-INPE (SUPIM-INPE). The results show that an anomalously low zonal wind was mainly responsible for the observed anomalous behavior in the zonal drift. A comparative study of the vertical plasma drifts obtained from magnetometer data for some periods of maximum (2000)(2001)(2002) and minimum solar activity (1998, 2008, 2010) phases reveal a considerable decrease on the E-region conductivity and the dynamo electric field during 2008. However, we believe that the contribution of these characteristics to the unusual behavior of the zonal plasma drift is significantly smaller than that arising from the anomalously low zonal wind. The SUPIM-INPE result of the critical frequency of the F layer (foF2) over Jicamarca suggested a lower radiation flux than that predicted by solar irradiance model (SOLAR2000) for June 2008.
Introduction
The impacts of the recent deep and prolonged solar minimum on the electron density, temperature, spread F, and total electron content, as well as the vertical and zonal plasma drifts, over the equatorial and low-latitude ionosphere have been studied using different types of observational data, such as digisondes (Liu Libo et al., 2011; Candido et al., 2011; Chuo et al., 2013; Solomon et al., 2013; Narayanan et al., 2014) , satellites (Solomon et al., 2011; Huang et al., 2010 Huang et al., , 2012 Chuo et al., 2013; Fejer et al., 2013) and incoherent scatter radar (Aponte et al., 2013; Kotov et al., 2015; Santos et al., 2016a) . During the period of June 2008 the mean monthly F10.7 radio index reached an extremely low value of ∼ 65.7 × 10 −22 W m −2 Hz −1 , which represented a solar extreme ultraviolet (EUV) irradiance that was lower than during previous solar cycles. Heelis et al. (2009) and Liu et al. (2012) reported the contraction of the ionosphere during this period. Solomon et al. (2010) showed that during 2007-2009, the terrestrial temperature was cooler and the thermosphere was lower in density than expected. They also found that during [2008] [2009] , the mean thermospheric density were 29 % lower than the solar cycle 22/23 minimum in 1996.
Some authors have analyzed the behavior of the electric fields and plasma drifts during this abnormally quite solar minimum period. Huang et al. (2010) , for example, investigated the longitudinal and seasonal variations in the zonal drift and ion density measured by the DMSP (Defense Meteorological Satellite Program) satellite during the period of [2007] [2008] . They found that depending on the season, the longitudinal structure of the equatorial ionosphere ion density and the eastward drift velocity could present a wave-4 pattern during the equinox, a wave-3 pattern during the northern summer and a wave-2 pattern in the northern winter. They pointed out that the neutral winds can also play a crucial role in the variations in the ion density and velocity in the equatorial ionosphere. In addition, they also showed that the degree of longitudinal variation in the eastward zonal drift is anticorrelated with solar activity, being smaller during solar maximum and larger during solar minimum. On the other hand, Stoneback et al. (2011) investigated the longitudinal and seasonal variations in the equatorial vertical drift during 2008-2010 using the ion velocity meter (IVM) data obtained on board the C/NOFS (Communication/Navigation Outage Forecasting System) satellite. Contrary to what is expected, they found downward drifts in the afternoon and upward drifts near midnight. A possible enhancement on the semidiurnal tide in low-latitude region was initially suggested as responsible for this unusual behavior of the vertical drift. Rodrigues et al. (2015) did not observe this same characteristic in the daytime equatorial ionospheric vertical drifts as obtained from 150 km echoes over Jicamarca. As explained by them, the magnetic field lines that pass at 150 km altitude over the magnetic equator do not reach very far in latitude, so that the semidiurnal patterns similar to those found by Stoneback et al. (2011) were not observed in the 150 km echo drifts.
Using measurements from C/NOFS, Fejer et al. (2013) presented a study on the seasonal and longitudinal dependence of the quiet-time equatorial average zonal drifts during the period between 2008 and 2011. They noted a strong longitudinal variation in the zonal drift mainly in the American sector during the solstices. It was shown that while in the eastern hemisphere the longitudinal dependence is largely season independent, in the western hemisphere the longitudinal dependence changes considerably with season probably due to the large magnetic declination that characterize this region and thermospheric wind effects. Another interesting point observed by Fejer et al. (2013) was that the evening reversal time of the zonal drift to east (∼ 17:00 LT) was nearly independent of the longitude during the equinox, but during the winter solstice the reversal occurred before 16:00 LT in the longitude sector between 210 and 360 • . Furthermore, the results presented by them revealed a peculiarity about the interval in which the daytime equatorial F-region zonal drift was westward in winter solstice. This interval was found to be ∼ 9 h in the longitudes between 240 and 285 • , whereas at other longitudinal sectors this interval was ∼ 11 h. This implies that, while the reversal of the drift to west in the early morning hours occurred at a later local time (∼ 07:00 LT), the afternoon reversion of the drift to east occurred at an earlier local time (∼ 15:30 LT) in these regions. The zonal plasma drifts derived from the Vector Electric Field Investigation (VEFI) measurements on board the C/NOFS satellite during the June solstice of 2008 was investigated by Pfaff et al. (2010) . They reported average values of 5-15 m s −1 between 07:00 and 09:00 LT and a maximum drift to west of ∼ 25 m s −1 at ∼ 13:00 LT. In this case, the reversal of the drift in the afternoon occurred at about 16:30 LT. Santos et al. (2016a) investigated the ionospheric plasma drifts during the low-solar-activity period of 2008. They showed that an extra ionization in the nighttime E region can have a significant impact on the zonal plasma drift during a disturbed period and suggested that the sporadic E layers that they observed (around 100-130 km) could be considered as strong evidence for extra ionization due to energetic particle precipitation leading to the development of Hall electric field that modified the zonal drift. The present study concerns the earlier eastward reversal (in the afternoon) of the zonal plasma drift observed during the daytime on 24 June, which was under magnetic quiet condition unlike the disturbed night condition (of the same day) that was analyzed by Santos et al. (2016a) . In another investigation by Santos et al. (2016b) , the sporadic layer was observed at the moment when the ionospheric plasma bubble over São João do Cariri, Brazil, was drifting westward instead of eastward. The formation mechanism of these layers over low and equatorial latitudes has been explained by Abdu et al. (2013) . However, more investigations are necessary in order to further explain the conditions, besides those surrounding the disturbance time sporadic E-layer formation, that could directly or indirectly influence the quiet daytime zonal plasma drift of the equatorial F layer.
In this work, we will present a study on the anomalous behavior of the zonal drift over Jicamarca during the month of June 2008 within the extended solar minimum period. It was observed that the afternoon reversal of the zonal drift to east occurred around 2 h earlier than expected. At the same time, other important peculiarities were detected in the ionosphere, for example an anomalous behavior of the foF2 parameter over Jicamarca. Our results suggest considerably weakened E-region dynamo as well as corresponding reduced zonal wind, which may be responsible for the weak westward zonal drift during the day and, consequently, for the early reversal of the drift to eastward in the afternoon time.
Data analysis
The vertical and zonal drift data during 24 June 2008 were collected by the incoherent scatter radar (ISR) operated at Jicamarca (11.95 • S, 76.87 • W), Peru. The vertical drift velocities calculated using magnetometer data from Jicamarca and Piura during some days of solar minimum (1998, 2007, 2008, 2010) and maximum (2000) (2001) (2002) years were also considered in order to clarify our understanding on the nature of the daytime zonal drift observed during the specific event of 24 June 2008. The drifts data of Jicamarca used in this work can be obtained from the website http: //cedar.openmadrigal.org. SUPIM-INPE was used to simulate the low-latitude ionosphere used in the calculation of the zonal drift. Furthermore, the foF2 parameter (F2-layer criti-cal frequency) over Jicamarca during the time in which the anomalous behavior in zonal drift was observed will also be briefly discussed here.
SUPIM-INPE model
The SUPIM-INPE model is an important tool used in this study in order to calculate some parameters that will be discussed in the results section, such as the zonal plasma drift, the field-line-integrated parameters required to evaluate the vertical electric field and the F2-layer critical frequency over Jicamarca. For the behavior of the equatorial and low-latitude ionosphere to be realistically represented, this model solves the equations of continuity, motion, and energy balance along the lines of the closed magnetic field. The inputs parameters are the solar ionizing radiation flux, the neutral atmosphere densities and temperatures, the neutral winds, and the vertical plasma drifts. The EUV fluxes were obtained from the SOLAR2000 model (Tobiska et al., 2000) . The neutral atmosphere densities and temperature were represented by the NRLMSISE-00 (Picone et al., 2002 ) and the neutral wind velocity was obtained from horizontal wind model HWM93 (Hedin et al., 1996) . The vertical plasma drifts were those measured by the Jicamarca incoherent scatter radar. The output parameters provided by the model are concentrations and temperatures of the electrons and of the different ionic species as a function of height, latitude and local time. Using the E-and F-region densities the field-line-integrated Hall and Pedersen conductivities are then calculated. More details about the SUPIM model can be found in Bailey and Balan (1996) . SUPIM-INPE is a new version of the original SUPIM model that was updated to extend its lower boundary limit of calculation from its original 120 to 90 km. This modification was necessary to enable calculation of fieldline-integrated conductivity of the entire ionosphere (Souza et al., 2010 . Figure 1 shows, from top to bottom, (a) the auroral electrojet AU and AL indices, (b) the ISR vertical (V z ) and (c) the zonal plasma drifts (V y ) over Jicamarca. The quiettime patterns of these drifts were obtained using the empirical models of Scherliess and Fejer (1999) for V z and Fejer et al. (2005) for V y and are also represented (by blue curves) in panels (b) and (c), respectively. These models were constructed using extensive databases from incoherent scatter radar observations made at the Jicamarca Radio Observatory (Fejer et al., 2005) and a combination of Jicamarca incoherent scatter radar data and ion drift meter data obtained from the Atmospheric Explorer-E satellite (Scherliess and Fejer, 1999) . During most of this day the auroral activity was nearly absent, and the vertical and zonal drifts presented a behavior very close to that of quiet days. Starting from 13:30 LT a great discrepancy between the observed and quiet-time model zonal drift can be noted (panel c). As delineated by the shaded area, the reversal of the drift to east on this day occurred 2 h earlier than its typical (average) reversal time on the quiet day represented by the model drift, as indicated by the red arrows. A weak storm activity began by ∼ 18:00 LT. In this paper, the discussions will be limited only to the drift variations during the period before the beginning of the storms, that is, before ∼ 18:00 LT.
Results and discussions

The zonal plasma drift
A preliminary discussion about the earlier reversal of the zonal drift to east was made by Santos et al. (2016a) . The zonal plasma drift was calculated using the expression V y = E z /B, in which the vertical electric field E z is given by Eccles (1998):
where B is the total magnetic field intensity at the field line apex, H and P are the field-line-integrated Hall and Pedersen conductivities, respectively. U P y is the field-lineintegrated and Pedersen conductivity-weighted zonal wind velocity, U H L is the Hall conductivity-weighted and fieldline-integrated meridional neutral wind velocity perpendicular to magnetic field B, and V z is the vertical plasma velocity in the equatorial plane.
The results from SUPIM-INPE were used to calculate the zonal plasma drift based on E z obtained from Eq. (1) and considering three situations. (1) Only the term related to the field-line-integrated and Pedersen conductivity-weighted zonal wind velocity U P y was used in the calculation of the zonal drift, (2) the zonal drift was calculated using the "Hall conduction" term as given by − H P V z − U H z , and (3) the effects from the zonal wind and the Hall conduction were considered together. The results for these three cases are presented in Fig. 2 (see also Santos et al., 2016a) . The dashed and dotted curves in panel (b) represent the first and the second case, respectively, while the solid blue curve in panel (c) corresponds to the third case. It is interesting to observe that similarly to the zonal drift from Fejer et al. (2005) in panel (c) of Fig. 1 , the results of the modeled zonal drift in case 3 (solid blue line, panel c of Fig. 2 ) also presents a delay of ∼ 2 h in the reversal of the drift to east (as indicated by the red arrows) when compared to observational data (black line). Based on these calculation Santos et al. (2016a) showed that this earlier reversal in the observational data could be explained in large part by the zonal wind that behaved anomalously during this period. This conclusion is further reinforced in this study since we note that the impacts of the zonal wind in the definition of the zonal drift appear to be more important until ∼ 20:00 UT when compared with the contribution of the term related to the vertical drift as shown by the results in panel (b) of Fig. 2 . Although the contribution of zonal wind appears to have been a fundamental factor in the earlier re- In order to help understand the anomalous behavior of the zonal drift/vertical electric field over the Peruvian sector during the last solar minimum period, the vertical E × B drift calculated according to the methodology proposed by Anderson et al. (2002) was used to investigate the impacts of V z in the decrease in the Hall conduction term
and consequently in the earlier reversal of V y . The decrease rate in V z from ∼ 13:00 LT, as illustrated by the shaded area in panel (a) of Fig. 2 , which is faster than in other years (as will be shown below), appears to be another important consequence of the deep solar minimum activity during this year. Therefore, we believe that an understanding of how V z was influenced by the solar activity during this and other periods will be very relevant to evaluate the real importance of the Hall conduction term in the earlier reversal of the V y in June 2008. For this analysis to be possible, we will analyze V z during different periods of solar activity. Figure 4 shows averages with SD of vertical drifts over Jicamarca for quiet days during some minimum solar activity epochs. We use the months of July 1998 at solar cycle 22, May 2007 and June 2008 at solar cycle 23, and June 2010 at solar cycle 24. Comparing the average behavior of the drift in 2008 with the other periods, we can note that the maximum value of the drift during the day is very similar at all solar cycles. On the other hand, the decrease rate of the drift from 13:00 LT seems to be more pronounced in 2008 than in the other periods. In fact, we can observe that the drift value at 15:00 LT (indicated in the figure by a vertical dotted line) is the smallest in 2008 (the period in which the zonal drift reversed to east on 24 June) in comparison with all the other years evaluated. While in 2008 the drift attained a value of 7 m s −1 at this time, in 1998 the value was ∼ 11.1 m s −1 . In addition, it is possible to observe that, only in 2008, the vertical drift (V z ) attained negative values before 16:30 LT (indicated by the blue arrow). The V z deduced from magnetometer data over Jicamarca for almost every day of June 2008 is presented in Fig. 5a , in which we note (within the shaded area) that the negative value of the vertical drift was reached even before the 16:30 LT during some days. On 21 June, the V z reversal occurred at about 14:15 LT, a very different behavior than expected. Figure 5b shows the average V z from digisonde data over the equatorial site São Luís, Brazil, for some days of June 2009 and June 1996, calculated as dhF/dt from true heights at specific plasma frequencies of 4 and 5 MHz. It is important to mention that the São Luis time zone is ahead of Jicamarca by ∼ 2 h. In the absence of digisonde data for 2008, we use data from 2009 to represent the last solar minimum. It is known that the ionosphere can present large variability from year to year, primarily during this extremely low solar activity. But, in this case, the mean values of F10.7 for June of both years, for example, was very near, being ∼ 65.7 × 10 −22 W m −2 Hz −1 for 2008 and 68.6 × 10 −22 W m −2 Hz −1 for 2009, supporting the idea of similar ionospheric behavior in 2008 and 2009. Similarly to Jicamarca, the V z over the Brazilian region also presented an anomalous decrease for this last solar minimum period between ∼ 14:40 and ∼ 17:15 LT. As we used this result only with a qualitative purpose, we believe that the correction of the vertical drift due to the daytime photochemical effects was not necessary in this case. As can be seen in panel c of Fig. 5 , the difference between the monthly average F-layer height (considering the mean of heights at 4 and 5 MHz) during 1996 and 2009 was almost constant during the entire period analyzed (except at ∼ 17:40 UT), with the F-layer height in 2009 being smaller than in 1996. It is known that below 300 km the recombination effect produces an apparent upward drift (Bittencourt and Abdu, 1981) , so that the vertical drift determined as dhF/dt is an overestimation when it is upward, whereas it is an underestimation when it is downward. Based on this reasoning, the correction for V z (to get the real drift), in the shaded area in Fig. 5c , will be larger for 2009 (since the hF is smaller) than it will be for the 1996 (where the hF is higher) thereby enhancing difference in the real drift between the two epochs, during much of the period of interest here. The variation in the F-layer height during the periods of 1996 and 2009 for Brazilian region presented in Fig. 5c is in agreement with the results of Liu et al. (2012) , who showed that the F2-layer peak height (hmF2) over Jicamarca in June solstice was lower in 2008-2009 when compared to 1996-1997, for both daytime and nighttime. Those results reveal that the upper atmosphere ion temperature was lower during the deep minimum of 2008-2009 as compared to other minima which explained the lower values of hmF2 for these epochs. The correspondingly lower thermospheric density might be responsible for a weaker solar thermal tide and therefore a weaker zonal neutral wind in the thermosphere.
The vertical drift over São Luis in Fig. 5b showed abnormally low values during the same local time (15:00-17:00 LT) when it was also abnormally low over Jicamarca in June 2008 (as can be noted in Fig. 4 ). This weaker and sometimes downward vertical drift during the daytime for an equatorial region during this last solar minimum was also discussed by Stoneback et al. (2011) and Pfaff et al. (2010) . Stoneback et al. (2011) suggested that this characteristic was caused by an increase in the semidiurnal tide in the E region. Pfaff et al. (2010) suggested a decrease in the intrinsic F-region dynamo in the June solstice considering the weaker and more variable electric fields observed by VEFI on board of CNOFs. During daytime the E-region dynamo electric field driven by tidal wind modes is normally responsible for the control of the ionospheric F-layer phenomena due to strong coupling that exists between these two regions through the magnetic field line mapping of large-scale (dynamo) electric field. The vertical plasma (E × B) drift (as well as the plasma fountain) in the F layer is driven by the dynamo zonal electric field mapped from the E layer. Therefore, the decrease in the daytime vertical drift found in our results (Figs. 2 and 4 ) is due to a decrease in the E-layer dynamo, which has been attributed to an increase in semi diurnal tide (as suggested by Stoneback et al., 2011) . (A discussion on the mechanism operative in the modification of tidal modes is beyond the scope of this paper.) The point of interest here concerns the decrease in the contribution to the vertical electric field (zonal drift) arising from the first term of Eq. (1) due to a decrease in the vertical drift. As a result of the diminished role of this term the contribution from zonal wind term dominates. This is how we can justify the adjustment in the zonal wind (towards a weaker zonal wind) that was necessary to explain the anomalous behavior of the zonal drift under the given situation. The influence of the external drivers from the magnetosphere and solar wind forcing can be excluded in this case because the period studied here is representative of the solar activity phase with extremely quiet conditions. Thus, we believe that these anomalous features observed in our data may have been caused in part by the decline of the E-region dynamo. In this situation, the Fregion winds and the consequent polarization electric fields became dominant in driving the F-region zonal plasma drift. Figure 6 presents the vertical drift at Jicamarca for some periods of high solar activity. Comparing the general characteristics of these results with the vertical drift for minimum solar activity of Fig. 4 , small differences can be noted. However, unlike the drift in 2008, at all the high solar activity periods (2000, 2001 and 2002 ) the vertical drift did not reverse to negative values before 17:00 LT. This important feature re- veals the peculiar nature of the daytime vertical drift/zonal electric field during 2008. It is important to mention that a similar study involving SUPIM-INPE has also been carried out to analyze the zonal drift of 1997 (see Santos et al., 2016a , for more details), which represented a normal solar minimum epoch. The authors showed that the eastward reversal of the drift during 10 April was correctly simulated by the model, without the need to make any adjustments in the zonal wind as in the event of June 2008.
The F2-layer critical frequency (foF2)
Similar to the zonal drift, the comparison between the modeled and observed foF2 values (representing the F2-layer peak electron density) for 24 June was also performed in this work. This was necessary in order to validate the lowlatitude ionosphere simulated by SUPIM-INPE, which is the basis of the parameters used in the calculations of the fieldline-integrated conductivities that were used in the zonal drift calculations. The SUPIM-INPE results on the foF2 variation are the most suited parameter for checking the validity of the model. As previously mentioned by Santos et al. (2016a) , some adjustments in the solar irradiance model (SOLAR2000) were necessary in order to obtain a more satisfactory result on the foF2 parameter as explained below with the help of Fig. 7 . In Fig. 7 the experimental data of foF2 are indicated by the black line, in which the solid/dotted line segments represent the values of foF2 measured in the absence/presence of spread F. The first model result is denoted by the blue line (SF1, where SF represents "solar flux"). We can see large differences between observed and modeled results during the entire period analyzed, with foF2 obtained by SUPIM-INPE being smaller than the observational data. Since the vertical drift used as input parameter in the model (see Fig. 1, panel b) has been verified to be realistic, and since the shape of the modeled foF2 variation is nearly the same as that of the observed foF2, it is possible that the large differences between observations and model can be attributed to the solar irradiance model (SOLAR2000) not adequately representing the solar radiation for the period under consideration. This possibility is further reinforced by the fact that the results from the model (using the SF1) were lower since the early hours of the morning, when the dynamical effects are overwhelmed by the contribution from the photoionization.
In order to further investigate whether the solar irradiance model was inappropriate for this time of the extreme solar minimum condition, we used another version of the SO-LAR2000 model (SF2) and found again that the results obtained with this new version did not represent the experimental data well, as suggested by the gray line (SF2) in Fig. 7 . In this case the values from the model were higher than the experimental data mainly between 12:00 UT (day 24) and 01:00 UT (day 25). Given such discrepant results, we decided to make some adjustments in the solar irradiance (SF2) values in order to reach a reasonable agreement with the observed value of foF2. The resulting model foF2 values obtained using the adjusted solar flux, SF3, are represented by the red line in Fig. 7 . An excellent agreement with the observations is obtained (except for some hours after 01:00 UT) when the model is run using the solar irradiance SF2 divided by a factor of 1.35. We believe that this result, together with the anomalous behavior of the zonal plasma drift, represents a good example of how the basic characteristics of the ionosphere were significantly modified by the factors influenced by the very low solar activity. It is likely that any solar irradiance model that depends in part on the F10. 
Conclusions
The extremely low solar activity of June 2008 produced a remarkable impact on the dynamics of the ionosphere as observed in the ionospheric drifts over Jicamarca (zonal and vertical components) as well as in the electron density. The zonal drift on 24 June reversed to east around 2 h earlier than such reversal time predicted by the drift model of Fejer et al. (2005) that calculated by SUPIM-INPE based on HWM zonal wind. The zonal drift analyzed for a few other available days in June 2008 also showed earlier eastward reversal as compared to those of similar day groups examined during other solar activity minimum epochs, thereby confirming the unique nature of the effects due to the extremely low activity period of June 2008. Model calculations of the zonal drift based on a realistic low-latitude ionosphere simulated by SUPIM-INPE showed that the major contribution to the drift arises from the Pedersen conductivity-weighted F-region zonal wind, rather than from E-layer dynamo electric field with associated Hall conduction effect. Our results showed that the beginning of the decrease in the westward zonal drift was coincident with a decrease in the vertical drift. The comparative analysis of the mean vertical drift of June 2008 with other periods of solar minimum activity showed that the decrease in the vertical drift between 13:00 and 15:00 LT was more pronounced in 2008 than in other years. Furthermore, our results showed that only in 2008 did the vertical drifts attain negative values before 17:00 LT, thus demonstrating the unusual changes in the zonal electric fields during this period. However, based on the modeling results (as mentioned above) we believe that this anomalous decrease in the vertical drift during the day was not a significant factor; rather, the weaker zonal winds were the dominant factor that contributed to the earlier reversal of the zonal drift during this day. Similar to the results from Jicamarca, the mean vertical drift for June over the Brazilian longitude sector for two periods of solar minimum activity of the solar cycles 22 and 23 also reveals a more pronounced decrease in the vertical drift from São Luís between ∼ 18:00 and 20:00 UT (15:00 and 17:00 LT) in 2009 than in 1996. Thus, it appears that the abnormally lower daytime westward zonal drift with its earlier eastward (afternoon) reversal driven by weaker thermospheric zonal wind on the one hand and the abnormally low vertical drift (zonal electric field) driven by weaker E-layer dynamo on the other are two individual aspects of the unique effects arising from the extreme solar minimum period.
The electron density represented here by the foF2 data has been used to investigate the responses of the ionosphere over Jicamarca to the lower EUV irradiance in the year of 2008. Comparing modeled and observed data, our results suggest that a discrepancy found in the solar irradiance model (SOLAR2000) was responsible for the differences between model calculations and observed data.
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